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DOUBLE-BALAN CED MIXER CIRCUIT 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a double-balanced mixer 
circuit used for mixing signals of different frequencies. 

2. Description of Related Art 
In a portable telephone, for example, a local oscillation 

frequency signal and an intermediate frequency signal are 
mixed in a mixer circuit to generate a radio frequency signal 
which is to be transmitted. Because mixing of signals having 
different frequencies is based on a non-linear characteristic, 
outputs from the mixer circuit include, in addition to the 
radio frequency signal obtained by mixing, the individual 
local oscillation frequency signal which is not mixed and the 
individual intermediate frequency signal which is not mixed. 
In order to suppress the individual local oscillation fre 
quency signal and the individual intermediate frequency 
signal, a double-balanced mixer circuit is commonly used 
for the mixer circuit. 

FIG. 1 shows a circuit diagram of a conventional double 
balanced mixer circuit. The double-balanced mixer circuit 
comprises a differential ampli?er circuit DFA1 which out 
puts a signal LO, of the same phase as the local oscillation 
frequency signal L0 and a signal #LO, obtained by an 180° 
phase shift on the local oscillation frequency signal LO upon 
input of the local oscillation frequency signal LO (frequency 
LO), a differential ampli?er circuit DFA2 which outputs a 
signal IF, of the same phase as the intermediate frequency 
signal IF (frequency IF) and a signal #IF, obtained by 180° 
phase shift on the intermediate frequency signal IF upon 
input of the intermediate frequency signal IF, and an analog 
multiplier circuit ALG which mixes the local oscillation 
frequency signal L0 and the intermediate frequency signal 
IF upon input of the signals L0, and #LO, which are output 
from the differential ampli?er circuit DFA1 and the signals 
IF, and #IF, which are output from the differential ampli?er 
circuit DFA2. 

In the differential ampli?er circuit DFA1, a power supply 
V D D is grounded via ann series circuit of an FET (?eld elfect 
transistor) 2 and a resistor R,, and is grounded via a series 
circuit of a resistor R2, an FET 3 and an FET 4. In parallel 
with the series circuit of the resistor R2 and the FET 3, a 
series circuit of a resistor R3 and a FET 5 is connected. The 
power supply V DD is further grounded via a series circuit of 
an FET 6 and a resistor R4, with a capacitor C, being 
connected in parallel with the resistor R4. The junction of the 
FET 2 and the resistor R, is connected to one terminal of the 
capacitor C2 and to the gate of the FET 3. The local 
oscillation frequency signal L0 is fed to the other terminal 
of the capacitor C2. The gate of the FET 5 is connected to 
the junction of the FET 6, the resistor R4 and the capacitor 
C,. The signal LO, of the same phase as the local oscillation 
frequency signal L0 is output from the junction of the 
resistor R2 and the FET 3, and the signal #LO, of the phase 
being shifted from that of the local oscillation frequency 
signal LO by 180° is output from the junction of the resistor 
R3 and the FET 5. 
The differential ampli?er circuit DFA2 is made in a 

similar constitution as that of the differential ampli?er 
circuit DFA1, and identical components are assigned the 
same numerals. In the differential ampli?er circuit DFA2, 
the intermediate frequency signal IF is supplied to other 
terminal of the capacitor C2. The signal IF, of the same 
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2 
phase as the intermediate frequency signal IF is output from 
the junction of the resistor R2 and the FET 3, and a signal 
#IF, of the phase being shifted from that of the intermediate 
frequency signal IF by 180° is output from the junction of 
the resistor R3 and the FET 5. 

In the analog multiplier circuit ALG, a power source VCC 
is connected to one terminal of a current source 10 via a 
series circuit of a resistor R10 (R,,), a transistor Q, (Q4) and 
a transistor Q5 (Q6), with another terminal of the current 
source 10 being grounded. The junction of the resistor R10 
(R,,) and the transistor Q, (Q) is connected to the junction 
of the transistor Q4 (Q,) and the transistor Q6 (Q5) via the 
transistor Q3 (Q2). The bases of the transistors Q2 and Q3 are 
connected to each other and the bases of the transistors Q, 
and Q4 are connected to each other. The radio frequency 
signal RF generated by mixing the local oscillation fre 
quency signal L0 and the intermediate frequency signal IF 
is output from the junction of the resistor R,,, the transistor 
Q2 and the transistor Q4. 
On the other hand, the signal LO, (#LO,) from the 

differential ampli?er circuit DFA1 is inputted to the bases of 
the transistors Q2 and Q3 (Q, and Q4), and the signal IF, 
(#IF,) from the differential ampli?er circuit DFA2 is input 
ted to the bases of the transistor Q6 (Q5). 
The operation of the double-balanced mixer circuit will 

now be described below. 

When the local oscillation frequency signal L0 is inputted 
to the differential ampli?er circuit DFA1, the signal LO, 
having the same phase as the local oscillation frequency L0 
and the signal #LO, having a phase 180° shifted from the 
local oscillation frequency LO are inputted from the di?er 
ential ampli?er circuit DFA1 to the analog multiplier circuit 
ALG. When the intermediate frequency signal IF is inputted 
to the differential ampli?er circuit DFA2, the signal IF, 
having the same phase as the intermediate frequency signal 
IF and the signal #IF, having a phase 180° shifted from the 
intermediate frequency signal IF are inputted from the 
differential ampli?er circuit DFA2 to the analog multiplier 
circuit ALG. Then the analog multiplier circuit ALG outputs 
the radio frequency signals RF having frequencies of LO+IF 
and LO-IF generated by mixing the local oscillation fre 
quency signal L0 and the intermediate frequency signal IF. 
The signal L0, and the signal #LO, cancel each other, 

and the signal IF, and the signal #IF, cancel each other, so 
that the signals L0,, #LO,, IF, and #IF, are not output 
individually, thereby improving the S/N ratio of the radio 
frequency signal RF. 
The phase of a signal to be mixed can also be shifted by 

changing the path length. And the required change in the 
path length decreases as the frequency becomes higher. 
Therefore the method of changing the path length is 
employed in applications with frequencies 10 GHZ or 
higher, in consideration of the degree of circuit integration. 

Such a circuit is also employed in which phase inverter 
circuits are employed for the differential ampli?er circuits 
DFA1 and DFA2 for phase shift. FIG. 2 shows a circuit 
diagram of a phase inverter circuit. The power supply V DD 
is grounded via a circuit comprising a parallel connection of 
a series circuit of a resistor R20 and a resistor R2,, a series 
circuit of a resistor R22, an FET 10 and a resistor R23, a 
series circuit of an FET 11 and a resistor R24, and a series 
circuit of an FET 12 and a resistor R25. 

The junction of the resistors R20 and R2, is connected to 
one terminal of a capacitor C,0 and to the gate of the FET 
10, while the local oscillation frequency signal L0 or the 
intermediate frequency signal IF is fed to the other terminal 
of the capacitor C,,,. 
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The junction of the resistor R22 and the FET 10 is 
connected to the gate of the FET 12, and the junction of the 
FET 10 and the resistor R23 is connected to the gate of the 
FET 11. The signal LO1 having the same phase as that of the 
local oscillation frequency signal L0 or the signal IF1 
having the same phase as that of the intermediate frequency 
signal IF is output from the junction of the FET 12 and the 
resistor R25 via the capacitor C11. The signal #LO1 having 
a phase being shifted by 180° from the local oscillation 
frequency signal L0 or the signal #IF1 having a phase being 
shifted by 180° from the intermediate frequency signal 1F is 
output from the junction of the FET 11 and the resistor R24 
via the capacitor C12. 

Also in the case where this phase inverter circuit is used, 
similarly to the case where the di?erential ampli?er circuit 
is employed, the signal LO1 of the same phase as the local 
oscillation frequency signal L0 and the signal #LOx 
obtained by 180° phase shift from the local oscillation 
frequency signal LO are obtained from the phase inverter 
circuit upon input of the local oscillation frequency signal 
L0, and the signal IF1 of the same phase as that of the 
intermediate frequency signal IF and the signal #IF1 
obtained by 180° phase shift from the intermediate fre 
quency signal IF are obtained from the phase inverter circuit 
upon input of the intermediate frequency signal IF. 
The conventional double-balanced mixer circuit as 

described above is capable of good double-balanced mixing 
operation with less signal attenuation. However, because the 
conventional double-balanced mixer circuit comprises the 
di?ferential ampli?er circuits or the phase inverter circuit 
employing a number of FETs and the analog multiplier 
circuit employing a number of transistors, it consumes a 
considerable amount of power, and is therefore not suitable 
for the application in a portable telephone which has a 
limitation in the power consumption. Because the differen 
tial ampli?er circuit, the phase inverter circuit and the analog 
multiplier circuit employ cascaded FETs and transistors, a 
signi?cant voltage drop occurs and it is di?icult to drive the 
portable telephone by a low-voltage power source, for 
example a 3 V power source, which is required in the 
portable telephone. 

Also because a portable telephone uses the radio fre 
quency signal RF having a frequency of 1.9 GHz, a GaAs 
MESFET (Metal Semiconductor FET) which has excellent 
high-frequency characteristics is more suitable than transis 
tors based on Si. However, a GaAs MESFET is likely to 
depart from the linear small signal operation region when a 
signal having voltage amplitude greater than a certain level 
(for example, 0.1 to 0.2 V or higher) is inputted to the gate 
thereof, making it impossible to obtain a linear output. 
Because the local oscillation frequency signal and the inter 
mediate frequency signal commonly used in a portable 
telephone have voltage amplitude of 0.1 V or higher, in a 
differential ampli?er circuit made by using GaAs MESFETs 
as described above, a gate of the GaAs MESFET receives an 
input voltage higher than the level which gives a linear 
output, and results in such a problem as the distortion of the 
phase-shifted signals. 

_ SUMMARY OF THE INVENTION 

The invention has been conceived to solve the problems 
described above, and has a major object of providing a 
double-balanced mixer circuit which consumes a small 
amount of power and is capable of using a low voltage 
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4 
power source, by reducing the number of FETs (or transis 
tors) being used. 

Another object of the invention is to provide a double 
balanced mixer circuit which is capable of outputting the 
radio frequency signal which has a high S/N ratio by means 
of a circuit wherein no FET (or transistor) is used in the ?rst 
phase shifter and the second phase shifter. 
The double-balanced mixer circuit of the invention com 

prises two phase shifters outputting signals whose phases are 
different from each other by 180° and two dual gate FETs to 
which said signals are inputted. 
The double-balanced mixer circuit of the invention has a 

?rst phase shifter which outputs a ?rst signal having a phase 
lag of 90° from a ?rst frequency signal and a second signal 
having a phase lead of 90° over the ?rst frequency signal 
upon input of the ?rst frequency signal, and a second phase 
shifter which outputs a third signal having a phase lag of 90° 
from a second frequency signal and a fourth signal having a 
phase lead of 90° over the second frequency signal upon 
input of the second frequency signal which has a frequency 
different from that of the ?rst signal. The ?rst signal and the 
third signal are inputted to a ?rst dual gate circuit and are 
mixed in the ?rst dual gate circuit. Said second signal and 
said fourth signal are inputted to a second dual gate circuit 
and are mixed in the second dual gate circuit. The ?rst dual 
gate circuit and the second dual gate circuit are arranged so 
that the output signals thereof are superposed with each 
other. 

In the double-balanced mixer circuit having the constitu 
tion as described above, when the ?rst frequency signal is 
inputted to the ?rst phase shifter, the ?rst phase shifter 
outputs the ?rst signal having a phase lag of 90° from the 
?rst frequency signal and a second signal having a phase 
lead of 90° over the ?rst frequency signal. When the second 
frequency signal is inputted to the second phase sifter, the 
second phase shifter outputs the third signal having a phase 
lag of 90° from the second frequency signal and the fourth 
signal having a phase lead of 90° over the second frequency 
signal. 
The dual gate circuit is applied as a means for mixing 

signals based on non~linear characteristic. The dual gate 
circuit comprises a dual gate FET to use the non-linear 
characteristic of the dual gate FET. The principle will be 
brie?y described below. Generally, the non-linear character 
istic is capable of approximating the output by expanding 
the input in a progression. In the progression expansion 
expression, the ?rst degree term shows the signals ampli?ed 
and damped original signals, the second degree term shows 
the sum signal and the difference signal obtained the product 
of input signals, which are also ampli?ed and damped. 
Although the signals corresponding to the third or higher 
degree term are output, these signals are small enough in 
amplitude to be disregarded. 
The ?rst dual gate circuit which has received the inputs of 

the ?rst signal and the third signal outputs a signal generated 
by mixing the ?rst signal and the third signal, the individual 
?rst signal and the individual third signal. The second dual 
gate circuit which has received the inputs of the second 
signal and the fourth signal outputs a signal generated by 
mixing the second signal and the fourth signal, the indi 
vidual second signal and the individual fourth signal. The 
sum signal obtained by mixing the second signal and the 
fourth signal has the same phase as the sum signal obtained 
by mixing the ?rst signal and the third signal. The difference 
signal obtained by mixing the second signal and the fourth 
signal hasrthe same phase as the difference signal obtained 
by mixing the ?rst signal and the third signal. When the 
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signals output by the ?rst dual gate circuit and the signals 
output by the second dual gate circuit are superposed, the 
original ?rst and the individual second signals cancel each 
other and vanish because they are out of phase by 180°. 
Similarly, the individual third and the individual fourth 
signals cancel each other and vanish because they are out of 
phase by 180°. By superposing the sum signal of the ?rst 
signal and the third signal and the sum signal of the second 
signal and the fourth signal, the signal whose amplitude is 
twice the sum signal of the ?rst signal and the third signal 
is generated. By superposing the difference signal of the ?rst 
signal and the third signal and the difference signal of the 
second signal and the fourth signal, the signal whose ampli 
tude is twice the diiference signal of the ?rst signal and the 
third signal is generated. Consequently, only the radio 
frequency signal generated by mixing the ?rst frequency 
signal and the second frequency signal is output. 
The dual gate circuit which mixes the signals whose 

phases are diiferent by 180° needs less FETs and transistors 
than the prior art, and needs no cascaded circuit of FETs, so 
that it is capable of reducing the power consumption in the 
circuit and using a lower voltage power source. The inven 
tion does not employ FETs (or transistors) in the ?rst phase 
shifter and the second phase shifter. Consequently, it is 
capable of driving the double-balanced mixer circuit by even 
less power consumption and lower voltage, and also capable 
of obtaining an output signal which has a high S/N ratio 
because phase-shifted signals are not distorted. 

Further another object of the invention is to provide a 
double-balanced mixer circuit capable of preventing the 
signal output from one duel gate circuit from entering the 
other dual gate circuit. 

The double-balanced mixer circuit of the invention is 
further made in such a way that it includes, in addition to the 
?rst phase shifter, the second phase shifter, the ?rst dual gate 
circuit and the second dual gate circuit, a coupler which, 
when the output signal of the ?rst dual gate circuit and the 
output signal of the second dual gate circuit are inputted 
thereto, provides the superposed signal of the outputs on the 
output side thereof. 

In this double-balanced mixer circuit, when the output 
signal of the ?rst dual gate circuit and the output signal of 
the second dual gate circuit are inputted to the coupler, the 
radio frequency signal generated by superposing these sig 
nals is output. 

Consequently, in view of the output side of the coupler, 
the possibility of the reverse ?ow of the radio frequency 
signal which is output from the coupler into the ?rst dual 
gate circuit or the second dual gate circuit is reduced by 
setting the sum of the impedance of the components of the 
coupler and the output impedance of the FET which con 
stitutes the dual gate circuit to a value higher than the 
impedance of the external circuit connected to the radio 
frequency output terminals. 
The above and further objects and features of the inven 

tion will more fully be apparent from the following detailed 
description with accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram of a conventional double 
balanced mixer circuit. 

FIG. 2 is a circuit diagram of a phase inverter circuit. 

FIG. 3 is a block circuit diagram illustrative of the 
constitution of the double-balanced mixer circuit of the 
invention. 
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6 
FIG. 4 is a phase characteristic diagram of an output 

signal of a phase shifter. 
FIG- 5 is an actual circuit diagram of the double-balanced 

mixer circuit of the invention. 

FIG. 6 is an equivalent circuit diagram of a phase shifter 
comprising resistors and capacitors. 

FIG. 7 is an actual circuit diagram illustrative of another 
constitution of the double-balanced mixer circuit of the 
invention. 

FIG. 8 is an actual circuit diagram illustrative of further 
another constitution of the double-balanced mixer circuit of 
the invention. 

FIG. 9 is an equivalent circuit diagram of a phase shifter 
comprising coils, resistors and capacitors. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Now the invention will be described in detail below with 
reference to the drawings illustrative of the preferred 
embodiments. 

FIG. 3 is a block circuit diagram illustrative of the 
construction of a double-balanced mixer circuit of the inven 
tion. A local oscillation frequency signal LO having a 
frequency L0 is inputted to a phase shifter PS1 comprising 
only passive elements, and an intermediate frequency signal 
IF having a frequency IF is inputted to a phase shifter PS2 
comprising only passive elements. The phase shifter PS1 is 
made to output a signal LO‘ (frequency LO) with a phase lag 
of 90° from the local oscillation frequency signal L0 and a 
signal #LO' (frequency LO) with a phase lead of 90° over the 
local oscillation frequency signal L0. The phase shifter PS2 
is made to output a signal IF‘ (frequency IF) with a phase lag 
of 90° from the intermediate frequency signal IF and a signal 
#IF' (frequency IF) with a phase lead of 90° over the 
intermediate frequency signal IF. 
The signal LO‘ output by the phase shifter PS1 is inputted 

to one input terminal of a dual gate circuit DG1 provided 
with, for example, a dual gate FET and the signal IF‘ output 
by the phase shifter PS2 is inputted to the other terminal of 
the dual gate circuit DG1. The signal output by #LO' of the 
phase shifter PS1 is inputted to one input terminal of a dual 
gate circuit DG2 provided with, for example, a dual gate 
FET and the signal #IF' output by the phase shifter PS2. 
The dual gate circuit DG1 is made to mix the signal L0’ 

and the signal IF‘, and the dual gate circuit DG2 is made to 
mix the signal #LO' and the signal #IF'. An output terminal 
of the dual gate circuit DG1 and an output terminal of the 
dual gate circuit DG2 are connected to each other, so that the 
signal output from the dual gate circuit DG1 and the signal 
output from the dual gate circuit DG2 are superposed. Then 
the radio frequency signal RF obtained by this superposition 
is output. 
The operation of the double-balanced mixer circuit will 

now be described below with reference to FIG. 4 illustrative 
of the phase characteristic of the phase shifter PS1 (PS2). 
When the local oscillation frequency signal L0 is inputted 

to the phase shifter PS1, the phase shifter PS1 outputs a 
signal LO‘ with a phase lag of 90° from the local oscillation 
frequency signal L0 and a signal #LO' with a phase lead of 
90° over the local oscillation frequency signal L0 as shown 
in FIG. 4. The signal L0‘ is inputted to one input terminal 
of the dual gate circuit DG1 and the signal #LO' is inputted 
to one input terminal of the dual gate circuit DG2. Similarly, 
when the intermediate frequency signal IF is inputted to the 
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phase shifter PS2, the phase shifter PS2 outputs the signal IF‘ 
with a phase lag of 90° from the intermediate frequency 
signal IF and a signal #IF' with a phase lead of 90° over the 
intermediate frequency signal IF. The signal IF‘ is inputted 
to the other input terminal of the dual gate circuit DG1 and 
the signal #IF' is inputted to the other input terminal of the 
dual gate circuit DG2. 
The dual gate circuit DG1 mixes the signal L0‘ and the 

signal IF‘ which have been inputted, and outputs signals 
LO‘+IF‘ and LO‘—IF' which are obtained by mixing and the 
individual signals L0‘ and IF‘. The dual gate circuit DG2 
mixes the signal #LO' and the signal #IF' which have been 
inputted, and outputs signals #LO‘+#IF‘ and #LO'~#IF‘ 
which are obtained by mixing and the individual signals 
#LO' and #IF'. 

These signals LO'+IF‘, L0‘—IF', LO‘, IF‘, #LO'+#IF', 
#LO'-#IF', #LO' and #IF' are superposed (added) on the 
output side of the dual gate circuits DG1, DG2. The signal 
L0‘ and the signal #LO' cancel out each other because they 
have a phase difference of 180°, similarly the signal IF‘ and 
the signal #IF' cancel out each other because they have a 
phase difference of 180°, so that the individual signals LO‘, 
#LO', IF‘ and #IF' disappear. 
The signal LO'+IF‘ and the signal LO'—IF' are generated 

from the component of the product of the signal L0‘ and the 
signal IF‘ by the dual gate FET applying the effect of the 
non-linear characteristic. Similarly the signal #LO‘+#IF' and 
the signal #LO'-#IF' are generated from the component of 
the product of the signal #LO' and the signal #IF' by the dual 
gate FET applying the effect of the non-linear characteristic. 
The product of the signal #LO" having a phase being shifted 
by 180° from the signal L0‘ and the signal #IF' having a 
phase being shifted by 180° from the signal IF‘ has the same 
phase as the product of the signal L0‘ and the signal IF‘, so 
that the signal LO‘+IF' is identical with the signal #LO‘+#IF'. 
Similarly the signal LO‘— ' is identical with the signal 
#LO’—#IF‘. Therefore the signal obtained by superposing the 
signals output by the dual gate circuit has twice in amplitude 
the signal output by the dual gate circuit. 
Thus only the radio frequency signal RF which is gener 

ated by mixing is output with a high signal level, making it 
possible to obtain the output of the radio frequency signal 
RF of a high S/N ratio. 

Also according to the invention, both the phase shifters 
PS1, PS2 are made by employing passive elements without 
using FETs, and the dual gate circuit is made by using a 
single dual gate FET. Therefore power consumption in the 
phase shifters PS1, PS2 and in the dual gate circuits DG1, 
DG2 can be greatly reduced. Also because no signi?cant 
voltage drop occurs unlike the prior art wherein cascaded 
FETs are used, a low voltage power source can be used. 

Moreover, the radio frequency signal RF is not subjected 
to distortion because phase shift is applied to the signals by 
using passive elements only. Furthermore, the circuit con 
struction can be simpli?ed because the dual gate circuit does 
not use many FETs. The dual gate FET provides excellent 
isolation of the local oscillation frequency signal L0 and the 
intermediate frequency signal IF. 

FIG. 5 shows a circuit diagram illustrative of an actual I 
circuit of the double-balanced mixer circuit of the invention 
mounted on a GaAs substrate. Numerical ?gures appearing 
in parentheses in FIG. 5 are the values of resistance or 
capacitance in the conventional units of ohms or pico farads. 
An input terminal tL for the local oscillation frequency 

signal L0 is grounded via a resistor R50 (50), and is 
grounded via a series circuit of a resistor R51 (800), a resistor 
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8 
R52 (800) and a capacitor C50 (0.12). The junction of the 
resistor R51 (800) and the resistor R52 (800) is grounded via 
the capacitor C51 (0.12). An input terminal tL is connected to 
one terminal of a resistor R53 (720) via a series circuit of a 
capacitor C52 (0.24) and a capacitor C53 (0.24). The junction 
of the capacitors C52 and C53 is grounded via a resistor R54 
(400) and the junction of the capacitor C53 and the resistor 
R53 is grounded via a resistor R55 (400). The phase shifter 
PS1 comprises the resistors R51, R52, R53, R54 and R55 and 
the capacitors C50, C51, C52 and C53. 
An input terminal t, for the intennediate frequency signal 

IF is grounded via a resistor R56 (50), and is grounded via 
a series circuit of a resistor R57 (1200), a resistor R58 (1200) 
and a capacitor C54 (0.5). The junction of the resistor R57 
(1200) and the resistor R58 (1200) is grounded via a capaci 
tor CSS (0.5). The input terminal t, is connected to one 
terminal of a resistor R59 (1080) via a series circuit of a 
capacitor C56 (1.0) and a capacitor C57 (1.0). The junction of 
the capacitor C56 (1.0) and the capacitor C57 (1.0) is 
grounded via a resistor R60‘ (600) and the junction of the 
capacitor C57 (1.0) and the resistor R59 (1080) is grounded 
via a resistor R61 (600). The phase shifter PS2 comprises the 
resistors R57, R58, R59, R60 and R61 and the capacitors C54, 
C55, C56 and C57. 
The power supply V DD is grounded via a series circuit of 

a resistor R62 (5k) and a resistor R?3 (620), and is grounded 
via a series circuit of a resistor R64 (5k) and a resistor R65 
(620). The junction of the resistor R64 (5k) and the resistor 
R65 (620) is connected to one input terminal (gate) of a dual 
gate FET 100 via a resistor R66 (5k), and the junction of the 
resistor R62 (5k) and the resistor R63 (620) is connected to 
the other input terminal (gate) of a dual gate FET 100 via a 
resistor R67 (5k). One output lead (source) of the dual gate 
FET 100 is grounded via a parallel circuit of a resistor R68 
(82) and a capacitor C58 (14). 
The gate width Wg of the dual gate FET 100 is made to 

be 600 um, and both pairs of the gate and the source are 
biased to —0.3 V. The dual gate circuit DG1 comprises the 
dual gate FET 100, the resistors R62, R63, R64, R65, R66, R67, 
R68 and the capacitor C58. 
The power supply VDD is grounded via a series circuit of 

a resistor R69 (5k) and a resistor R70 (620), and is grounded 
via a series circuit of a resistor R71 (5k) and a resistor R72 
(620). The junction of the resistor R71 (5k) and the resistor 
R72 (620) is connected to one input terminal (gate) of a dual 
gate FET 101 via a resistor R73 (5k). The junction of the 
resistor R69 (5k) and the resistor R70 (620) is connected to 
the other input terminal (gate) of the dual gate FET 101 via 
a resistor R74 (5k). 
One output terminal (source) of the dual gate FET 101 is 

grounded via a parallel circuit of a resistor R75 (82) and a 
capacitor C59 (14). The width of the gates Wg of the dual 
gate FET 101 are made to be 600 pm, and both pairs of the 
gate and the source are biased to —0.3 V. The dual gate circuit 
DG2 comprises the dual gate FET 101, the resistors R69, 
R70, R71, R72, R73, R74, R75 and the capacitor C59. 
The junction of the resistor R52 (800) and the capacitor 

C50 (0.12) of the phase shifter PS1 is connected to one input 
terminal of the dual gate FET 100, and the junction of the 
resistor R58 (1200) and the capacitor C54 (0.5) of the phase 
shifter PS2 is connected to the other input terminal of the 
dual gate FET 100. The other terminal of the resistor R53 
(720) of the phase shifter PS1 is connected to one input 
terminal of the dual gate FET 101, and the other terminal of 
the resistor R59 (1080) of the phase shifter PS2 is connected 
to the other input terminal of the dual gate FET 101. 
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The other output (drain) of the dual gate FET 100 and the 
other input (drain) of the dual gate FET 101 are combined 
and connected to a radio frequency output terminal tH 
whereon the radio frequency signal RF is output. The radio 
frequency output terminal t,, is grounded via a series circuit 
of a resistor R76 (50) and a capacitor C60 (14). The junction 
of the resistor R76 (50) and the capacitor C60 (14) is 
connected to the power supply V DD via a parallel circuit of 
a capacitor C61 (2.34) and a coil L of 3 nH. The voltage of 
the power supply VDD is set to 3 V. 

FIG. 6 shows an equivalent circuit diagram explanatory of 
the conditions to determine the values of the resistors and 
capacitors of the phase shifters PS1, PS2. Resistors R51, R52 
of the phase shifter PS1 shown in FIG. 5 correspond to RB, 
RB, resistors R54, R55 correspond to RA, RA, capacitors C50, 
C51 correspond to CB, CB, and capacitors C52, C53 corre 
spond to C A, C A. Resistors R57, R58 of the phase shifter PS2 
correspond to R8, R8, resistors R60, R61 correspond to RA, 
RA, capacitors C54, C55 correspond to CB, CB, and capacitors 
C56, C57 correspond to CA, CA. The values of the resistors 
and the capacitors are determined by the following formulae. 

must be satis?ed. Frequency f is 1.65 GHz for the local 
oscillation frequency signal L0, and 0.25 GHz for the 
intermediate frequency signal IF. 
When the local oscillation frequency signal L0 and the 

intermediate frequency signal IF are inputted to the double 
balanced mixer circuit having the construction as described 
above, the phase shifter PS1 outputs a signal LO‘ with a 
phase lag of 90° from the local oscillation frequency signal 
L0 and a signal #LO' with a phase lead of 90° over the local 
oscillation frequency signal L0, and the phase shifter PS2 
outputs a signal IF' with a phase lag of 90° from the 
intermediate frequency signal IF and a signal #IF' with a 
phase lead of 90° over the intermediate frequency signal IF, 
as described previously. The dual gate circuit DGl mixes the 
signal L0‘ and the signal IF‘, and the dual gate circuit DG2 
mixes the signal #LO' and the signal #IF'. 
Mixed signals LO'+IF', LO'— ', #LO'+#IF' and #LO'— 

#IF' are output from the dual gate circuits DGl, DG2, and 
are superposed to produce the radio frequency signals RF, 
having frequencies of LO+IF and LO-IF and twice the 
amplitude of the original signal, which are output at the 
radio frequency output terminal tH. The signals L0‘ and IF‘ 
which are output individually from the dual gate circuit DG1 
and the signals #LO' and #IF' which are output individually 
from the dual gate circuit DG2 cancel out each other and 
disappear. 

It was veri?ed with this actual circuit that, when the local 
oscillation frequency signal LO having a frequency of 1.65 
GHz and the intermediate frequency signal IF having a 
frequency of 0.25 GHz were inputted with a level of —5 
dBm, radio frequency signal RF having a frequency of 1.9 
GHz was obtained with a voltage amplitude of 50 mV. 
As described above, because the dual gate circuits and the 

phase shifters which do not employ FETs and transistors but 
passive elements are used in the double-balanced mixer 
circuit of the invention, power consumption can be greatly 
reduced. Also because no signi?cant voltage drop occurs in 
the phase shifters and the dual gate circuits, a low voltage 
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10 
power source can be used. Moreover, even when signals 
having large amplitudes are inputted to the phase shifter, 
distortion of the signal is prevented by building the phase 
shifter of passive elements. 

FIG. 7 shows an actual circuit diagram illustrative of 
another embodiment of the double-balanced mixer circuit of 
the invention. Numerical ?gures indicated in parentheses in 
FIG. 7 are the values of inductance, resistance and capaci 
tance in units of nH, ohms and pico farads, respectively. 
An input terminal tL for the local oscillation frequency 

signal L0 is grounded via a series circuit of a coil L3o (6.3) 
and a capacitor C30 (0.3). A matching circuit MCI comprises 
the coil L3,0 (6.3) and the capacitor C30 (0.3). The junction 
of the coil L3o (6.3) and the capacitor C3o (0.3) is grounded 
via a series circuit of aresistor R30 (200), a resistor R31 (200) 
and a capacitor C32 (0.482), and the junction of the resistor 
R30 (200) and the resistor R31 (200) is grounded via a 
capacitor C31 (0.482). 
The junction of the coil L3O (6.3) and the capacitor C30 

(0.3) is grounded via a series circuit of the capacitor C33 
(0.964) the capacitor C34 (0.964) and the resistor R33 (100). 
The junction of the capacitor C33 (0.964) and the capacitor 
C34 (0.964) is grounded via the resistor R32 (100). The 
junction of the capacitor C34 (0.964) and the resistor R33 
(100) is connected to one lead of the capacitor C35 (1.0). The 
phase shifter PS1 comprises the resistors R30, R31, R32, R33 
and the capacitors C31, C32, C33, C34, C35. 
An input terminal t, for the intermediate frequency signal 

IF is grounded via a series circuit of a coil L31 (100), a 
capacitor C36 (1000) and a capacitor C37 (3.1). The coil L31 
(100) and the capacitor C36 (1000) are connected on the 
outside. A matching circuit MC2 comprises the coil L31 and 
the capacitors C36, C37. The junction of the capacitor C36 
(1000) and the capacitor C37 (3.1) is grounded via a series 
circuit of a capacitor C38 (1.06), a capacitor C39 (1.06) and 
a resistor R35 (600). The junction of the capacitor C38 (1.06) 
and the capacitor C39 (1.06) is grounded via the resistor R34 
(600). The junction of the capacitor C39 (1.06) and the 
resistor R35 (600) is connected to one terminal of a capacitor 
C40 (1.0). 
The junction of the capacitor C36 (1000) and the capacitor 

C37 (3.1) is grounded via a series circuit of a resistor R36 
(1200), a resistor R37 (1200) and a capacitor C42 (0.53). The 
junction of the resistor R36 (1200) and the resistor R37 
(1200) is grounded via a capacitor C41 (0.53). The phase 
shifter PS2 comprises the resistors R34, R35, R36, R37 and the 
capacitors C38, C39, C40, C41 and C42. 
The junction of the resistor R31 (200) and the capacitor 

C32 (0.482) of the phase shifter PS1 is connected to one 
terminal (gate) of the dual gate FET 102, and the other 
terminal of the capacitor C4O (1.0) of the phase shifter PS2 
is connected to the other input terminal (gate) of the dual 
gate FET 102. One input terminal of the dual gate FET 102 
is grounded via a resistor R38 (3k), and the other input 
terminal is grounded via a resistor R39 (3k). The gate width 
Wg of the dual gate FET 102 is made to be 400 um, and the 
gate length of one input terminal 0.7 pm and the gate length 
of the other input terminal 0.5 pm. 
The junction of the resistor R37 (1200) and the capacitor 

C42 (0.53) of the phase shifter PS2 is connected to one input 
terminal (gate) of the dual gate FET 103, and the other 
terminal of the capacitor C35 (1.0) of the phase shifter PS1 
is connected to the other input terminal (gate) of the dual 
gate FET 103. One input terminal of the dual gate FET 103 
is grounded via a resistor R41 (3k), and the other input 
terminal is grounded via a resistor R4o (3k). The gate width 
Wg of the dual gate FET 103 is made to be 400 mm and the 
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gate length of one input lead 0.7 run and gate length of the 
other input terminal 0.5 pm. 
The dual gate circuit DG1 comprises the dual gate FET 

102 and the resistors R38, R39, and the dual gate circuit DG2 
comprises the dual gate FET 103 and the resistors R40, R41. 
One output terminal (source) of each of the dual gate FET 
102 and the dual gate FET 103 is grounded. A capacitor C43 
(0.47) is inserted between the other output terminal (drain) 
of the dual gate FET 102 and the other output terminal 
(drain) of the dual gate FET 103, and the capacitor C43 
(0.47) is connected with a parallel pair of a series circuit of 
a coil L31 (5.0) and a coil L32 (5.0) and a series circuit of a 
capacitor C44 (0.5) and a capacitor C45 (0.5). 
A coupler CPL comprises the capacitor C43, the coils L31, 

L32 and the capacitors C44, C45. The junction of the capaci~ 
tor C44 (0.5) and the capacitor C4S (0.5) is connected with a 
radio frequency output terminal tH where the radio fre 
quency signal RF is output, via a parallel circuit of a 
capacitor C46 (0.4) and a coil L33 (8.0). The junction of the 
coil L31 (5.0) and the coil L32 (5.0) is connected the power 
supply V D D via a coil L34 (200) which is connected on the 
outside. A matching circuit MC3 comprises the capacitor 
C46 and the coil L33. 
The coupler CPL are constructed so that the impedance of 

the coupler CPL at the radio frequency output terminal tH 
side plus the output impedance of the dual gate FET 102 is 
greater than the impedance of the circuit to be connected to 
the radio frequency output terminal tH. 
When the local oscillation frequency signal L0 and the 

intermediate frequency signal IF are inputted to the double 
balanced mixer circuit of the constitution as described 
above, the phase shifter PS1 outputs the signal LO' having 
a phase lag of 90° from the local oscillation frequency signal 
L0 and the signal #LO' having a phase lead of 90° over the 
local oscillation frequency signal L0, and the phase shifter 
PS2 outputs the signal IF’ having a phase lag of 90° from the 
intermediate frequency signal IF and the signal #IF' having 
a phase lead of 90° over the intermediate frequency signal 
IF, similarly as described previously. The dual gate circuit 
DG1 mixes the signal L0’ and the signal IF’, and the dual 
gate circuit DG2 mixes the signal #LO' and the signal #IF'. 
Mixed signals LO‘+IF‘, LO'— ', #LO'+#IF', #LO'-#IF', 

and the individual signals LO’, IF’, #LO', #IF' are output 
from the dual gate circuits DG1, DG2, and are superposed 
on the output side of the coupler CPL, to provide the radio 
frequency signals RF, having frequencies of LO+IF and 
LO~IF and twice the amplitude of the original signal, at the 
radio frequency output terminal t,,. 
The signals L0‘ and IF‘ which are output individually 

from the dual gate circuit DG1 and the signals #LO' and #IF' 
which are output individually from the dual gate circuit DG2 
cancel out each other thereby to disappear. 
By providing the coupler CPL, it is made less likely that 

the signals LO‘+IF‘, LO'—IF' which are output from the dual 
gate circuit DG1 via the capacitor C44 (0.5) flow to the dual 
gate circuit DG2. It is also made less likely that the signals 
#LO'+#IF', #LO'-#IF' which are output from the dual gate 
circuit DG2 via the capacitor C45 (0.5) ?ow to the dual gate 
circuit DG1. Therefore, the levels of the mixed signals 
LO‘+IF‘, LO'—IF', #LO'+#IF', #L0‘—#IF' do not decrease on 
the output side of the coupler CPL, and these signals can be 
superposed with high efficiency and output at the radio 
frequency output terminal t”. 

It was veri?ed experimentally that, when the power 
voltage VDD was set to 3 V, the frequency of the local 
oscillation frequency signal LO was set to 1.65 GHz, the 
frequency of the intermediate frequency signal IF was set to 
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12 
0.25 GHz, and the frequency of the radio frequency signal 
RF was set to 1.9 GHz, conversion gain of 0 dBm was 
obtained from the input of the local oscillation frequency 
signal LO of 5 dBm and the input of the intermediate 
frequency signal IF of 0 dBm. 

FIG. 8 shows an actual circuit diagram illustrative of 
further another constitution of the double-balanced mixer 
circuit of the invention. Numerical ?gures indicated in 
parentheses in FIG. 8 are the values of inductance, resistance 
and capacitance in the unit of nH, ohm and pico farad, 
respectively. 
An input terminal t,_ for the local oscillation frequency 

signal L0 is grounded via a parallel circuit of a capacitor C8‘) 
(0.5) and a resistor R80 (35) and a series circuit of a coil L80 
(5.0) and a resistor R81 (100). The junction of the coil L2,;o 
(5.0) and the resistor R81 (100) is grounded via a capacitor 
C81 (1.86). The junction of the capacitor C80 (0.5), the 
resistor R80 (35) and the coil L80 (5.0) is grounded via a 
series circuit of a capacitor C82 (1.86) and a resistor R82 
(100), and the junction of the capacitor C82 (1.86) and the 
resistor R82 (100) is grounded via a coil L81 (5.0). A 
matching circuit MCI comprises the capacitor C80 and the 
resistor R80. The phase shifter PS1 comprises the coils L80, 
L81, the capacitors C81, C82 and the resistor R81, R82. 
An input terminal t, for the intermediate frequency signal 

IF is grounded via a series circuit of a coil L82 (100), a 
capacitor C83 (1000), a capacitor C84 (1.06), a capacitor C85 
(1.06) and a resistor R84 (600). The junction of the capacitor 
C84 (1.06) and the capacitor C85 (1.06) is grounded via a 
resistor R83 (600). The junction of the resistor R84 (600) the 
and capacitor C85 (1.06) is connected to one terminal of a 
capacitor C86 (1.0). 
The junction of the capacitor C83 (1000) and the capacitor 

C84 (1.06) is grounded via a series circuit of a resistor R85 
(1200), a resistor R86 (1200) and a capacitor C38 (0.53), and 
the junction of the resistor R85 (1200) and the resistor R86 
(1200) is grounded via a capacitor C87 (0.53). The coil L82 
and the capacitor C83 are connected on the outside, and a 
matching circuit MC2 comprises the coil L82 and the capaci 
tor C83. The phase shifter PS2 comprises the capacitors C84, 
C85, C86, C87, C8,3 and the resistors R83, R84, R35, R86. 
The junction of the coil L8O (5.0), the capacitor C81 (1.86) 

and the resistor R81 (100) of the phase shifter PS1 is 
connected to one terminal (gate) of the dual gate FET 104. 
The other terminal of the capacitor C86 (1.0) of the phase 
shifter PS2 is connected to the other input lead (gate) of the 
dual gate FET 104. One input terminal of the dual gate FET 
104 is grounded via a resistor R87 (3k), and the other input 
terminal is grounded via a resistor R88 (3k). ‘The gate width 
Wg of the dual gate FET 104 is made to be 200 or 400 pm. 
The dual gate circuit DG1 comprises the dual gate FET 104, 
resistors R87 and R88. 
The junction of the resistor R86 (1200) and the capacitor 

C88 (0.53) of the phase shifter PS2 is connected to one input 
terminal (gate) of the dual gate FET 105. The junction of the 
capacitor C82 (1.86), the coil L81 (5.0) and the resistor R82 
(100) of the phase shifter PS1 is connected to the other input 
terminal (gate) of the dual gate FET 105. One input terminal 
of the dual gate FET 105 is grounded via a resistor R9O (3k), 
and the other input terminal is grounded via a resistor R89 
(3k). The gate width of the dual gate FET 105 is made to be 
200 or 400 um. The dual gate circuit DG2 comprises the dual 
gate FET 105, the resistors R89 and R90. 
One output terminal (source) of the dual gate FET 104 and 

one output terminal (source) of the dual gate FET 105 are 
grounded. A capacitor C89 (0.47) is inserted between the 
other output terminal (drain) of the dual gate FET 104 and 
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the other output terminal (drain) of the dual gate FET 105. 
The capacitor C89 (0.47) is connected to a parallel combi 
nation of a series circuit of the coil L82 (5.0) and the coil L83 
(5.0) and a series circuit of a capacitor C9O (0.5) and a 
capacitor C91 (0.5). 
A coupler CPL comprises the capacitors C89, C90, C91 and 

the coils L82, L83. The junction of the capacitor C9o (0.5) and 
the capacitor C91 (0.5) is connected with the radio frequency 
output ternrinal t,,, where the radio frequency signal RF is 
output, via a parallel circuit of a capacitor C92 (0.4) and a 
coil L84 (8.0). A matching circuit MC3 comprises the 
capacitor C92 and the coil L84. The junction of the coil L82 
(5.0) and the coil L83 (5.0) is connected to the power supply 
VDD via a coil L85 (200). 
The coupler CPL is constructed so that the impedance of 

the coupler CPL at the radio frequency output terminal tH 
side plus the output impedance of the dual gate FET 104 is 
greater than the impedance of the circuit to be connected to 
the radio frequency output terminal tH. 

FIG. 9 shows an equivalent circuit diagram explanatory of 
the conditions to determine the values of the coils, resistors 
and capacitors of the phase shifter PS1. The coils L80, L81 
of the phase shifter PS1 shown in FIG. 8 correspond to LA, 
LA, the resistors R81, R82 correspond to RC, RC, and the 
capacitors C81, C82 correspond to CC, CC. The values of the 
coils, resistors and capacitors are determined by the follow 
ing formula. 

(LA'CC)—1/Z:27tf (4) 

Where frequency f is 1.65 GHz for the local oscillation 
frequency signal L0, and 0.25 GHZ for the intermediate 
frequency signal IF. 
When the local oscillation frequency signal L0 and the 

intermediate frequency signal IF are inputted to the double 
balanced mixer circuit of the constitution as described 
above, the phase shifter PS1 outputs a signal LO' having a 
phase lag of 90° from the local oscillation frequency signal 
L0 and a signal #LO' with a phase lead of 90° over the local 
oscillation frequency signal LO, similarly as described pre 
viously. And the phase shifter PS2 outputs a signal IF‘ 
having a phase lag of 90° from the intermediate frequency 
signal IF and a signal #IF‘ having a phase lead of 90° over 
the intermediate frequency signal IF, similarly as described 
previously. The dual gate circuit DG1 mixes the signal L0’ 
and the signal IF’, and the dual gate circuit DG2 mixes the 
signal #LO' and the signal #IF'. This is followed by an 
operation similar to that described previously, to provide the 
radio frequency signal RF having frequencies of LO+IF and 
LO-IF at the radio frequency output terminal t”. 
The voltage gain of the phase shifter PS1, which is the 

ratio of the output voltage to the input voltage thereof, is 
determined by the values of the coils, resistors and capaci 
tors which constitute the phase shifter. When the values of 
the coils, resistors and capacitors which constitute the phase 
shifter PS1 are as shown in FIG. 8, the voltage gain of 5.6 
dB is obtained for the phase shifter PS1 with a coe?icient X 
for determining the voltage gain being given by the formula 
(5) from which X=O.26 is obtained. 

X=(LA/Cc)‘”/(2-Rc) (5) 

Thus a voltage gain comparable to that obtained with a phase 
shifter comprising resistors and capacitors can be obtained, 
thereby verifying that the phase shifter having the construc 
tion as described above can be used in a practical application 
similarly to the phase shifter comprising resistors and 
capacitors. 
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Because this embodiment has, in addition to the effects of 

foregoing embodiments, the effect of making it less likely 
that the signal which is output to the output side of the 
coupler ?ow to the dual gate circuit, the signal level does not 
decrease at the output side of the coupler, thereby enabling 
it to efficiently superpose the signals on the output side of the 
coupler. 

Although one phase shifter PS1 comprises the coils, 
resistors and capacitors and another phase shifter PS2 com 
prises the resistors and capacitors in this embodiment, the 
phase shifter PS2 can also be made from coils, resistors and 
capacitors. While the coil becomes larger in size in this case 
which makes it impossible to incorporate it in the MMIC 
(Monolithic Micro wave IC), connecting the phase shifter to 
the IC on the outside makes this construction applicable to 
practical use. 

Although a case of mixing the local oscillation frequency 
signal and the intermediate frequency signal is described in 
this embodiment, the invention can also be applied with 
similar effects, for example, to a reception signal mixer 
circuit, an analog multiplier circuit, a frequency conversion 
circuit or the like where it is required to mix signals of 
different frequencies. 

Although the phase shifters comprises only passive ele 
ments in foregoing embodiments, the phase shifters can also 
comprise FETs. In this case power consumption is larger 
than foregoing embodiments, but it can be made smaller 
than the prior art because the dual gate circuit is used for 
performing the double-balance. 
As this invention may be embodied in several forms 

without departing from the spirit of essential characteristics 
thereof, the present embodiment is therefore illustrative and 
not restrictive, since the scope of the invention is de?ned by 
the appended claims rather than by the description preceding 
them, and all changes that fall within metes and bounds of 
the claims, or equivalence of such metes and bounds thereof 
are therefore intended to be embraced by the claims. 
What is claimed is: 
1. A double-balanced mixer circuit for mixing a ?rst input 

signal of a ?rst frequency and a second input signal of a 
second frequency comprising: 

a ?rst phase shifter, comprising passive elements, having 
an input, and receiving at said input the ?rst input 
signal and providing as outputs a ?rst output signal 
having a phase lag of 90° from said ?rst input signal 
and a second output signal having a phase lead of 90° 
from said ?rst input signal; 

a second phase shifter, comprising passive elements, 
having an input, and receiving at said input the second 
input signal and providing as outputs a third output 
signal having a phase lag of 90° from said second input 
signal and a fourth output signal having a phase lead of 
90° from said second input signal; 

wherein the passive elements forming each of said ?rst 
and second phase shifters comprise only resistors and 
capacitors between said input and an output of a 
respective said phase shifter, the passive elements of 
each said phase shifter having an equivalent electrical 
circuit represented by ?rst and second branches origi 
nating from said input of a respective said phase shifter; 
said ?rst branch of the equivalent electrical circuit 

having ?rst and second resistances each of value R3 
connected in series at a junction and in series with 
said phase shifter input, a capacitance of value CB 
connected from the junction of said ?rst and second 
resistances to a common potential point, and another 
capacitance of value CB connected from the end of 
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the resistance remote from the said phase shifter 
input to the common potential point, 

said second branch of the electrical equivalent circuit 
having ?rst and second capacitances each of a value 
C A connected in series at a junction and in series to 
said phase shifter input, and a resistance of a value 
RA connected from the junction of the ?rst and 
second capacitances to the common potential point 
and another resistance of value RA connected from 
the end of the capacitance remote from the input to 
the common potential point, and wherein 

and where f is the frequency of one of the signals of 
a ?rst frequency and a second frequency; 

a ?rst dual gate mixer circuit having an input and an 
output and a dual gate FET receiving as inputs said ?rst 
and third output signals and mixing the same to pro 
duce at said output said ?rst output signal and said third 
output signal; 

a second dual gate mixer circuit having an input and an 
output and a dual gate FET receiving as inputs said 
second output signal and said fourth output signal and 
mixing the same to produce at said output said second 
output signal and said fourth output signal; and 

combining means coupled to said output of each of said 
?rst dual gate mixer circuit and said second dual gate 
mixer circuit for providing a combined output signal by 
combining said ?rst output signal outputted from said 
?rst dual gate mixer circuit and said second output 
signal outputted from said second dual gate mixer 
circuit to cancel each other, and said third output signal 
outputted from said ?rst dual gate mixer circuit and 
said fourth output signal outputted from said second 
dual gate mixer circuit to cancel each other. 

2. A double-balanced mixer circuit as claimed in claim 1, 
further comprising an output terminal connected to said 
combining means and means for producing at said output 
terminal a further output signal of a frequency correspond 
ing to a selected one of the sum of and the difference 
between the ?rst frequency and the second frequency. 

3. A double-balanced mixer circuit as in claim 1 wherein 
said ?rst dual gate mixer circuit also produces as outputs 
?fth and sixth output signals which are respectively the sum 
and difference of said ?rst and third output signals and 
further outputs said ?rst input signal, and said second dual 
gate mixer circuit also produces as outputs seventh and 
eighth output signals which are respectively the sum and 
difference of said second and fourth output signals and 
?nther outputs said second input signal, and 

said combining means cancelling said ?fth and seventh 
output signals outputted respectively from said ?rst and 
second dual gate mixer circuits and cancelling said 
sixth and eighth output signals outputted respectively 
from said ?rst and second dual gate mixer circuits and 
producing a signal having a frequency corresponding to 
a selected one of the sum of and the difference between 
the ?rst frequency and the second frequency. 

4. A double-balanced mixer circuit for mixing a ?rst input 
signal of a ?rst frequency and a second input signal of a 
second frequency comprising: 
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a ?rst phase shifter, comprising passive elements, having 

an input, and receiving at said input the ?rst input 
signal and providing as outputs a ?rst output signal 
having a phase lag of 90° from said ?rst input signal 
and a second output signal having a phase lead of 90° 
from said ?rst input signal; 

a second phase shifter, comprising passive elements, 
having an input, and receiving at said input the second 
input signal and providing as outputs a third output 
signal having a phase lag of 90° from said second input 
signal and a fourth output signal having a phase lead of 
90° from said second input signal; 

wherein the passive elements forming each of said ?rst 
and second phase shifters comprise only resistors and 
capacitors between said input and an output of a 
respective said phase shifter, the passive elements of 
each said phase shifter having an equivalent electrical 
circuit represented by ?rst and second branches origi 
nating from said input of a respective said phase shifter; 
said ?rst branch of the equivalent electrical circuit 

having ?rst and second resistances each of value RB 
connected in series at a junction and in series with 
said phase shifter input, a capacitance of value CB 
connected from the junction of said ?rst and second 
resistances to a common potential point, and another 
capacitance of value CB connected from the end of 
the resistance remote from the said phase shifter 
input to the common potential point, 

said second branch of the electrical equivalent circuit 
having ?rst and second capacitances each of a value 
CA connected in series at a junction and in series to 
said phase shifter input, and a resistance of a value 
RA connected from the junction of the ?rst and 
second capacitances to the common potential point, 
and another resistance of value RA connected from 
the end of the capacitance remote from the input to 
the common potential point, and wherein 

R,_,=2-RA (1) 

Cam-CA (2) 

where 

1/(RA-CA)=1/(RB-CB)=21rf (3) 

and where f is the frequency and one of the signals 
of a ?rst frequency and a second frequency; 

a ?rst dual gate mixer circuit having an input and an 
output and a dual gate FET receiving as inputs said ?rst 
and third output signals and mixing the same to pro 
duce at said output said ?rst output signal and said third 
output signal; 

a second dual gate mixer circuit having an input and an 
output and a dual gate FET receiving as inputs said 
second output signal and said fourth output signal and 
mixing the same to produce at said output said second 
output signal and said fourth output signal; and 

a coupler for combining the output signals of the ?rst dual 
gate mixer circuit and the output signals of the second 
dual gate mixer circuit and to output to an output 
terminal a resultant signal whose frequency is a 
selected one of a sum of and a difference between the 
signal of a ?rst frequency and the signal of a second 
frequency for supply to an external circuit. 

5. A double-balanced mixer circuit for mixing a ?rst input 
signal of a ?rst frequency and a second input signal of a 
second frequency comprising: 
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a ?rst phase shifter, comprising passive elements, having 
an input, and receiving at said input the ?rst input 
signal and providing as outputs a ?rst output signal 
having a phase lag of 90° from said ?rst input signal 
and a second output signal having a phase lead of 90° 
from said ?rst input signal; 

a second phase shifter, comprising passive elements, 
having an input, and receiving at said input the second 
input signal and providing as outputs a third output 
signal having a phase lag of 90° from said second input 
signal and a fourth output signal having a phase lead of 
90° from said second input signal; 

the passive elements forming at least one of said phase 
shifters comprising only resistors, capacitors and 
inductors between said input and output of said at least 
one phase shifter, 

the passive elements of said at least one phase shifter 
having an equivalent electrical circuit represented by 
?rst and second branches originating from said input of 
said at least one phase shifter, 
said ?rst branch of the electrical equivalent circuit 

having an inductance of value LA with one end 
connected to said input of said at least one phase 
shifter and a capacitance of value CC and a resistance 
of value Rc connected in parallel from the other end 
of the inductance to a point of reference potential and 

said second branch of said equivalent electrical circuit 
having a capacitance of value Cc with one end 
connected to said input of said at least one phase 
shifter and an inductance of value L A and a resistance 
of value RC connected in parallel from the other end 
of said capacitance t0 the point of reference poten 
tial, wherein 

and where f is the frequency of one of the signals of 
a ?rst frequency and second frequency; 

a ?rst dual gate mixer circuit having an input and an 
output and a dual gate FET receiving as inputs said ?rst 
and third output signals and mixing the same to pro~ 
duce at said output said ?rst output signal and said third 
output signal; 

a second dual gate mixer circuit having an input and an 
output and a dual gate FET receiving as inputs said 
second output signal and said fourth output signal and 
mixing the same to produce at said output said second 
output signal and said fourth output signal; and 

means coupled to the output of each of said ?rst dual gate 
nrixer circuit and second dual gate mixer circuit for 
combining the ?rst signal outputted from the ?rst dual 
gate mixer circuit and the second signal outputted from 
the second dual gate mixer circuit to cancel each other, 
and to combine the third signal outputted from the ?rst 
dual gate mixer circuit and the fourth signal outputted 
from the second dual gate mixer circuit to cancel each 
other. 7 

6. A double-balanced mixer as in claim 5 wherein the 
phase shifter has a voltage gain X given by 

7. A double-balanced mixer circuit as in claim 5 wherein 
said ?rst dual gate mixer circuit also produces at its output 
?fth and sixth signals which are respectively the sum and 
difference of said ?rst and third signals and further outputs 
said signal of a ?rst frequency, and said second dual gate 
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mixer circuit also produces at its output seventh and eighth 
signals which are respectively the sum and difference of said 
second and fourth signals and further outputs said signal of 
a second frequency, and 

said combining means cancelling said ?fth and seventh 
signals outputted respectively from said ?rst and sec 
ond dual gate mixer circuits and cancelling said sixth 
and eighth signals outputted respectively from said ?rst 
and second dual gate mixer circuits and producing a 
signal having a frequency corresponding to a selected 
one of the sum of and the diiference between the signal 
of a ?rst frequency and the signal of a second fre 
quency. 

8. A double-balanced mixer circuit as in claim 5 wherein 
said means for combining also has an output terminal at 
which it produces a resultant signal whose frequency is a 
selected one of the sum of and the difference between the 
signal of a ?rst frequency and the signal of a second 
frequency. 

9. A double-balanced mixer circuit for mixing a ?rst input 
signal of a ?rst frequency and a second input signal of a 
second frequency comprising: 

a ?rst phase shifter, comprising passive elements, having 
an input, and receiving at said input the ?rst input 
signal and providing as outputs a ?rst output signal 
having a phase lag of 90° from said ?rst input signal 
and a second output signal having a phase lead of 90° 
from said ?rst input signal; 

a second phase shifter, comprising passive elements, 
having an input, and receiving at said input the second 
input signal and providing as outputs a third output 
signal having a phase lag of 90° from said second input 
signal and a fourth output signal having a phase lead of 
90° from said second input signal; 

the passive elements forming at least one of said phase 
shifters comprising only resistors, capacitors and 
inductors between said input and output of said at least 
one phase shifter, 

the passive elements of said at least one phase shifter 
having an equivalent electrical circuit represented by 
?rst and second branches originating from said input of 
said at least one phase shifter, 
said ?rst branch of the electrical equivalent circuit 

having an inductance of value LA with one end 
connected to said input of said at least one phase 
shifter and a capacitance of value Cc and a resistance 
of value Rc connected in parallel from the other end 
of the inductance to a point of reference potential and 

said second branch of said equivalent electrical circuit 
having a capacitance of value Cc with one end 
connected to said input of said at least one phase 
shifter and an inductance of value L A and a resistance 
of value RC connected in parallel from the other end 
of said capacitance to the point of reference poten 
tial, wherein 

and where f is one of the signals of the ?rst frequency 
and second frequency; 

a ?rst dual gate mixer circuit having an input and an 
output and a dual gate FET receiving as inputs said ?rst 
and third output signals and mixing the same to pro 
duce at said output said ?rst output signal and said third 
output signal; 

a second dual gate mixer circuit having an input and an 
output and a dual gate FET receiving as inputs said 
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second output signal and said fourth output signal and 10. A double-balanced mixer as in claim 9 wherein the 
mixing the same to produce at said output said second phase shifter has a voltage gain X given by 
output signal and said fourth output signal; and 

a coupler for combining the output signals of the ?rst dual X=(LA/Cc)m/(2'cRc) 
gate mixer circuit and the output signals of the second 5 
dual gate mixer circuit and to output to an output 11.Adouble-balanced mixer circuit as in claim9 wherein 
terminal a resultant Signal whose frequency is a said coupler includes means for combining the ?rst signal 
selected one of the sum of and the di?’erence between OHIPHHCd from Said ?rst dual gate mixer circuit and the 
the signal of a ?rst frequency and the signal of a second second signal outputted from said second dual gate circuit to 
frequency for supply to an external circuit; and 10 cancel each other, and the ?rst signal outputted from said 

wherein the impedance of the components forming the ?rst dual gate mixer circuit and the fourth Signal outpuned 
coupler plus the output impedances of the FET of the from said second dual gate mixer circuit to cancel each 
?rst mixer circuit and the second mixer circuit is other. 
greater than the impedance of an external circuit con 
nected to the coupler output terminal. * * * * * 


